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Abstract 
The purpose of this study was to investigate misconceptions by undergraduate students while solving matrix and determinant 
questions. The participants were 60 first year students from the mathematics department. The study used both qualitative and 
quantitative methods. The participants were asked to answer 4 questions: 2 in relation to matrices form and 2 in relation to 
determinants form. The data was analyzed by the researchers jointly and 6 misconceptions were revealed.  
 2012 Published by Elsevier Ltd. 
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1. Introduction 
Linear algebra represents, with calculus, the two main mathematical subjects taught in science universities. 
However, this teaching has always been difficult. In the last two decades, it has become an active area for research 
in mathematics education in several countries. In most universities, science-orientated curricula contain the courses, 
namely, calculus and linear algebra. Mathematics education research first developed works on calculus, but in the 
past 20 years, many studies have been carried out about the teaching and learning of linear algebra (Dorier, 2002). 
Misconceptions are s poor performance in mathematics. Curriculum materials 
should be developed so that misconceptions can be stopped or reduced. In this manner misconceptions could be 
corrected. Otherwise, if misconceptions are diagnosed and at the same time they are corrected, then students are 
going to miss their opportunity (Baki, 1996). 
Hadjidemetriou and Williams (2002) noticed that we draw a distinction between an error (i.e. erroneous responses to 
a question) and a misconception which may be part of a faulty cognitive structure that causes, lies behind, explains 
or justifies the error. Some errors may be symptomatic of a misconception, a prototypical way of thinking, or an 
intuition. Others may not; they may simply be the result of faulty memory, cognitive overload, etc. But 
misconceptions may sometimes be more than simply a justification for an error. They can be the general features of 
students' mathematics learning, such as students' tendency to over-generalize a correct conception or to be 
influenced by interference from everyday knowledge and experience. They lead pupils to construct some well-
formulated alternative frameworks of ideas which are not appropriate (Leinhardt, Zaslavsky and Stein, 1990). 
Some researchers identify misconceiving as misunderstanding, but this point of view is not always correct. 
Maznichenko (2002) argued that misconceiving and misunderstanding have a common feature: both of them lead to 
an inadequate perception of the reality, but there are a few distinctions between them:  
 
*   Tel. : +902123834330 ; fax: +9002123834314.   
 E-mail address: aygor@yildiz.edu.tr 
Available online at www.sciencedirect.com
© 2012 Published by Elsevier Ltd. Selection and/or peer review under responsibility of Prof. Dr. Hüseyin Uzunboylu
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
2990   Nilgun Aygor and Hulya Ozdag /  Procedia - Social and Behavioral Sciences  46 ( 2012 )  2989 – 2994 
 Mistakes and misunderstanding are caused only by personal insight and sensitivity of the learner;  
 Misunderstanding is casual, but misconceiving is not; the occurrence of misconceptions obeys some rules.  
 Misunderstanding may happen according to any particular and specific case, but misconceiving is total; it 
influences all world-perception of the learner.  
 When a person realizes that he/she has misunderstood or made a mistake, he can correct it easily. A person 
usually does not have any resistance to changing his ideas and thoughts; he does not follow his 
misunderstandings anymore. A misconception, on the other hand, is very resistant to any change. The big 
issues are that once a misconception has been formed, it is extremely difficult to change, and that 
possessing misconceptions can have serious impacts on learning.  
 Misconceiving can be a reason for misunderstanding (Goris & Dyrenfurth 2009).  
Williams and Ryan (2000) argued that research knowledge ab
needs to be located within the curriculum and associated with relevant teaching strategies if it is to be made useful 
for teachers. In particular teachers need to be aware of the researched errors and misconceptions, know at which 
stages of their development pupils are likely to exhibit them and where in the curriculum they are relevant. We have 
found that teachers find it hard to guess how children would respond to a diagnostic item or explain the reason 
 
 
2.  Research 
After telling 60 freshman students studying at s in the 
Math Department about matrix, determinant, and linear equations systems, the subjects were asked to write the 
answers of two determinant and two linear equation system questions on A4 form paper. To answer the 
questions 75 minutes were given. The purpose of this research was to identify the  misconceptions. We 
saw that the students confused the determinant operations with the matrix operations while solving the 
determinant questions. The reason to choose the systems of linear equation questions are to solve them using 
Gauss-Jordan elimination method since the matrix operations are used in this method. This allows us to quantify 
misconceived six different matrix and determinant operations. 
Researchers observed freshman undergraduate students at  Mathematics department. 
Data of the observations were compared with the results of the tests. After the observations on the subjects, we 
focused on the topics shown below: 
 Which misconceptions do the students have while solving examples? 
 Are there similarities in misconceptions between in class exercises and during exams? 
2.1. Problem used in research 
In this study, subjects were given the following questions to obtain data. Four questions were given to the students 
from the subjects of matrix and determinant to examine the misconceptions. The reason why the test included four 
questions was because the answers to the questions were long and took time to solve. The questions were checked 
for reliability and validity by experts in the field. 
Question 1 :    
xxxx
fxxx
edxx
cbax
 Determinant is given. By using the properties of the determinant find the factors. 
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Question 2:     nth order 
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 determinant is given. By using the properties of the 
determinant find its factors. 
Question 3 :  
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i.) No solution,  ii.) Single solution,   iii.) Infinite number of solution    
Question 4:   
02
0
0
zkyx
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  for this linear homogenous system of equations, find the values of k for solutions 
different from zero solution. Find a solution for positive k. 
3. Findings 
The misconceptions that the students had have been scanned without any changes. The answer sheets of different 
student  misconceptions are below. 
 
Misconseption1: Suppose that A is a square matrix. Let B be the square matrix obtained from A by 
interchanging the location of two rows, or interchanging the location of two columns. Then det(B) = det(A). 
Students confused the matrix with the determinant operation and they changed the sign of the matrix. This was 
misconceived by 6 students, 2 students in the third question and 4 students in the fourth question.  
 
Picture 1: Misconception 1 
 
Misconception 2:  Suppose that A is a square matrix. Let B be the square matrix obtained from A by multiplying a 
single row by the scalar k, or by multiplying a single column by the scalar k. Then det (B) = k det (A). Students 
confused this with the matrix operation and multiplied all the elements of determinant with the k number. This was 
misconceived by 9 students, 3 students in the first question and 6 students in the second question.  
 
An exam sheet of the student who had                                          An exam sheet of the student who had  
the second misconception in the first                                            the second misconception in the second 
question:                                                                                        question: 
                                                                                    
              Picture 2: Misconception 2                                                                                       Picture 3: Misconception 2 
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Two students on the first question and one student on the second question had both the first and second 
misconceptions at the same time. There were three students who had these misconceptions. An exam paper of 
the student who had the first and second misconceptions on question number 1 is below: 
 
Picture 4: Misconception 1 and 2 
 
Misconception 3: Suppose that A, B, and C are all n n  matrices and that they differ by only a row, say the kth row. 
kth row of C can be found by adding the corresponding entries from the kth rows of A 
and B. Then, in this case, we will have that det ( C ) = det ( A ) + det ( B ). The same result will hold if we replace 
the word row with the column above. Students confused the determinant with the matrix addition and they added 
corresponding entries from each determinant. This misconception can be seen from a total of three students, one 
student on the third question and two students on the fourth question. An exam sheet of the student who had the 
third misconception in the second question is below: 
 
Picture 5: Misconception 3 
 
Misconception 4: Row reduction can be used on this determinant in order to compute it easily. While the students 
were reducing the matrix to row-echelon form, they confused the determinant with the matrix operations and they 
reduced the order of matrix. Six students during the test, 3 students on third question and 3 students on the fourth 
question, misconceived this. An exam sheet of the student who had the fourth misconception in the third question is 
below:                                                            
 
Picture 6: Misconception 4 
 
Misconception 5: While finding the value of the determinant, students got the determinant of the unit matrix 
confused with the matrix operation and accepted it as a unit matrix. Three students, 2 of them on question 
number 1 and 1 student on question number 2, misconceived this.  
An exam sheet of the student who had                            One student had the second and fifth misconceptions 
the fifth misconception in the second                              at the same time on the second question.  
question is shown below:                                                 An exam paper of the student is shown below:  
 
                                                                                                                            
              Picture 7: Misconception 5                                                                               Picture 8: Misconception 2 and 5 
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Misconception 6: While solving the equation system, an augmented matrix is to be in the reduced row-echelon 
form. Therefore, elementary row operations must be used to reduce the augmented matrix. Students confused 
the determinant with the matrix operation and made elementary column operations. Nine students, 4 students on 
the third question, and 5 students on fourth question had had this misconception. An exam sheet of the student 
who had the sixth misconception in the fourth question is shown below: 
 
Picture 9: Misconception 6 
 
In the test, 9 students made operational mistakes and, therefore, get the answer. We saw that 
fifteen of the students had the second, third, and fifth misconceptions. In the determinant questions, three 
students had the first and second misconceptions. One student had both second and fifth misconceptions at the 
same time. In addition, in the question where the matrix was required, twenty-one students had the first, fourth, 
and sixth misconceptions.  
Table 1. Percentage of students' misconception on the test 
 
 f % 
First misconception 6 10 
Second misconception 9 15 
Third misconception 3 5 
Fourth misconception 6 10 
Fifth misconceptions 3 5 
Sixth misconceptions 9 15 
Operational mistakes 9 15 
Empty 0 0 
Complete solution 15 25 
 
One of the most common misconceptions that the students had was to multiply with k scalar. If A is any matrix 
and k is any number then the product (or scalar multiple), kA, is a new matrix of the same size as A and its 
entries are found by multiplying the original entries of A by k. On the other hand, let A is the determinant of a 
square matrix and k 
k, or by multiplying a single column by the scalar k. Here the student s misconception was that they multiplied 
all the entries of the determinant by k. While solving the equation system, an augmented matrix is to be in the 
reduced row-echelon form. Therefore, elementary row operations must be used to reduce the augmented matrix. 
Students confused the determinant with the matrix operation and made elementary column operations. Another 
misconception was that while the augmented matrix was in the reduced row-echelon form, elementary column 
operations were applied by the students. This result can be seen in the table above, and this means that students 
had a maximum of second and sixth misconceptions. 
 
4. Comments and Recommendations: 
 
By standing with the results of this research, advice can be given to the lecturers and students who took the course. 
When teaching the subject of matrix and determinant, which is the base of Linear Algebra, concepts should be well 
explained. The information given should be comprehensive and descriptive. In order to improve the knowledge of 
students while teaching the subject it is better to give concrete examples first, then it is appropriate to give the 
abstract examples later. When teaching the subjects, the lecturer must ensure that pay attention to both the 
relationship and the differences between the concepts. If this concept is expressed clearly, then the probability of 
students  misconceptions decreases
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well enough, students will face a hard time understanding future concepts since this subject has close relations to 
future concepts.  If this has not been emphasized, even their connection to the lesson could be disconnected. That is 
why, while giving the lesson, it is important to emphasize that "rank" is used in every aspect of linear algebra and 
can make future lessons easier. There are similarities between the misconception in the examples that the students 
made in the lessons and the exams. However, it has been demonstrated that if the lesson has been taught by 
explaining those misconceptions, then the students will have less misconceptions moving forward. We advise that 
lecturers should give lessons by explaining the misconception outlined above in order to decrease the percent of 
students having misconceptions and preventing long-term trouble for the students during linear algebra courses. If 
linear algebra students take the  advice seriously, then their success will also improve. 
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